Objectives: Use of tobacco-based narghiles may have potentially fatal consequences, such as carbon monoxide (CO) intoxication. However, there are only limited studies on the effects on human health and CO levels of tobacco-free narghile products. The primary aim of this study was to investigate the effect of tobacco-free narghile consumption on carboxyhemoglobin (COHb) levels and whether this would cause CO intoxication in active and passive narghile users. Design: Observational study. Methods: Four hundred ninety-nine individuals exposed to tobacco-free narghile smoke were divided into four groups; Group I: active narghile smokers, and non-cigarette smokers, Group II: active narghile smokers and active cigarette smokers, Group III: passive narghile smokers and non-cigarette smokers and Group IV: passive narghile smokers and active cigarette smokers. Fifty-nine healthy volunteers were enrolled as control groups (Group V, non-cigarette smoker controls, and Group VI, cigarette smoker controls). COHb levels were compared among the groups. Results: Mean pre-exposure % COHb levels for groups I-IV were 2.61±1.46, 3.00±1.37, 2.09±1.45 and 3.00±2.13, and post-exposure % COHb levels for groups were 3.45±1.92, 4.17±2.01, 2.60±1.66 and 4.50±2.32, respectively. Control groups (V-VI) % COHb levels were 0.90±0.82 and 1.60±0.85, respectively. COHb levels rose significantly after exposure to tobacco-free narghile smoke in all groups (p<0.001). COHb levels in all groups were higher than those in healthy individuals. Additionally, 12.8% of those exposed to tobacco-free narghile smoke had toxic COHb levels. Conclusion: The use of tobacco-free narghile products represents a potential danger, and COHb levels in active and passive smokers can reach intoxication levels. (Hong Kong j.emerg.med. 2016;23:17-27) CO COHb CO 499
Introduction

Background
Tobacco smoking is still the most significant global preventable cause of morbidity and mortality. 1 In the last 45 years, we have seen cigarette smoking in the USA decreases by half as a result of public health policies. 2 Yet cigarette is still the main global tobaccorelated killer. In addition, many young people continue with tobacco use and addiction by other means. The last decade in particular has witnessed an increasing spread in narghile smoking among young people in the Middle East. It is also spreading rapidly elsewhere. 3 Originating from the Eastern Mediterranean, narghile consumption has become popular in western countries, including the USA, the UK, Australia and Canada. 2 Public health officials now regard narghile smoking as a global "threat" and an "epidemic event". 4, 5 Narghile use is increasing in western societies. One study from 2010 showed the presence of 725 narghile smoking zones across America. In terms of price, the cost of smoking tobacco in this way is lower compared to cigarettes as more than one person can use it simultaneously. Narghile smoking is regarded as a social activity among young people. However, it has deleterious effects on health and is no less addictive than cigarette smoking. Indeed, the deleterious effect of narghile smoking on health may be worse than that of cigarettes. The volume of smoke intake during an average narghile session of 1-hour may be 100-200 times that inhaled from cigarettes during a similar period. This high level of smoke results in the absorption of considerable amounts of aerosol, carbon monoxide, nicotine, tar and heavy metals, and at levels far exceeding those involved in cigarette use. The tobacco is also flavoured in order to disguise its adverse effects. Studies have shown that such materials encourage tobacco dependence and can result in fatal diseases, such as cancer. 6 Preventing young people smoking is a main priority in most programs aimed at controlling tobacco use. Most tobacco users establish dependency during adolescence. Official policies limiting the affordability and accessibility of cigarettes, together with negative advertising, helped reduce cigarette smoking among young people by nearly half between 1998 and 2009. Although fewer children and adolescents now smoke cigarettes, more now consume tobacco using a narghile, also known as a waterpipe, hookah, goza, or hubble bubble. Figures for 2011 show that 18.5% of 12th-grade students reported having smoked a narghile in the previous year. 7 As with cigarette smoke, waterpipe tobacco smoke contains toxicants, such as polycyclic aromatic hydrocarbons and nicotine. Turkey is one of the countries that have banned the consumption of tobacco products in narghiles and cigarettes in enclosed areas. In order to evade these laws in Turkey and many other countries, tobacco-free products are grown and used instead of tobacco in narghiles. In addition, instead of tobacco, various sweetened and flavoured non-tobacco products are marketed for water pipe use. A wide range of consumable products may be used as a filling, instead of tobacco. Corn silk and a number of flavourful herbs, such as mint, cinnamon or lemongrass, have been used by a large number of herbal cigarette and narghile producers.
Importance
There is considerable research in the literature regarding the negative effects on human health of tobacco and the use of tobacco-based narghiles and showing that potentially fatal results can ensue, such as carbon monoxide (CO) intoxication. However, there is limited research investigating the effects on human health and CO levels of tobacco-free narghile products.
Two previous studies have investigated the smoke toxicants associated with tobacco-free narghiles. 8 These studies showed that the use of tobacco-free narghiles also had an adverse effect on CO levels. Both studies are illuminating regarding the potential damage caused by non-tobacco product narghile use. However, since both studies were performed with limited patient numbers and in a laboratory environment, it is questionable whether they could fully reflect the situation in daily life. Further studies on this subject are clearly needed.
The purpose of this study was to investigate, for the first time in the literature, the general profile of individuals who use the tobacco-free narghiles and to determine the effect on CO levels of the environment in which these are consumed. The primary aim was to determine the effect of tobacco-free narghile consumption on carboxyhaemoglobin (COHb) levels and whether this product could lead to COHb levels reaching critical threshold levels of exposure and intoxication in active and passive narghile smokers.
Methods
Study design and setting
Our research, planned as a prospective clinical observation study, was carried out after receiving the necessary approval from the local ethical committee, with a study population of 558 subjects between 1 January 2012 and 1 March 2012.
This study was conducted in a narghile café with approximately 500 square meters in size and with a ceiling height of 20 m. It could hold 200 people at a time where narghile and cigarette smoking areas were separate spatially and with adequate ventilation.
Selection of participants
For the purpose of data collection, a study group of 499 active and/or passive users of tobacco-free narghiles at the selected narghile café in the province of Trabzon, Turkey were enrolled, together with a control group of 59 individuals who had never used a narghile and who were not present in environments where the narghile was used (30 non-cigarette smokers and 29 cigarette smokers).
The study was conducted on a voluntary basis, and volunteers meeting any of the following criteria were excluded: 1. Age less than 18; 2. Presence of cardiac disease (especially such as ischemic heart diseases); 3. Presence of pulmonary disease (such as chronic obstructive pulmonary disease or asthma); 4. Presence of haematological disease (such as methaemoglobinaemia)
Demographic characteristics such as age and gender, characteristics regarding narghile and cigarette use, such as active/passive consumption and frequency, distribution of cigarette smoking among narghile smokers and previous medical history, particularly cardiac ischaemic diseases, were recorded before the study began. Volunteers whose medical histories matched any of the exclusion criteria were excluded.
A COHb level >7% was adopted as the critical threshold limit for positive CO exposure. COHb values greater than 2% in non-smokers and greater than 5% in smokers were regarded as supporting a diagnosis of CO intoxication in measurements performed using non-invasive methods. 9 Other studies suggest using higher levels of COHb levels above 9% as representing intoxication, regardless of whether the individual is a smoker or non-smoker. 10 In our study, since measurement was performed using a non-invasive photometric method in a non-hospital environment, rather than invasive measurement from blood specimens, the gold standard, 7% was adopted as the critical threshold limit of CO exposure as a precautionary measure so as to protect participants and to avoid any delay in receiving advanced medical support if necessary. We planned to send cases with COHb levels above that and symptomatic cases to a health institution for further monitoring.
Interventions
The 499 individuals constituting the study group were divided into 4 subgroups on the basis of active or passive narghile smoking and whether or not they smoked cigarettes in addition to the narghile during the study period: Group I (n=160): Active narghile smoker + cigarette non-smoker Group II (n=101): Active narghile smoker + active cigarette smoker during the study Group III (n=210): Passive narghile smoker + cigarette non-smoker Group IV (n=28): Passive narghile smoker + active cigarette smoker during the study period.
The 59 control cases consisting of healthy individuals were divided into two subgroups on the basis of cigarette consumption: Group V (n=30): Non-cigarette smoker control Group VI (n=29): Cigarette smoker control
Measurements
COHb levels for the study groups (groups I to IV) in the narghile café where the study was conducted, before and after entering the narghile smoking environment, were determined non-invasively before the study began with a photometric measurement technique using a Radical-7 (RAD7) device (Massimo, USA, 2012). Length of time spent in the narghile smoking environment, number of tobacco-free narghiles consumed during the study and total number of tobacco-free narghiles consumed in the environment were recorded separately for each participant. CO levels in the environmental air were constantly monitored with a B20 CO detector (Trotec, Istanbul, 2011). Mean CO levels in environmental air to which each participant was exposed were then calculated. Finally, when participants exposed to narghile smoke left the environment in which they inhaled narghile smoke, wither actively or passively, blood COHb levels were again measured non-invasively and post-exposure COHb levels determined.
Outcomes
Primary outcome measures were the determination of the effect of tobacco-free narghile use on blood CO levels by analysing COHb levels among the subgroups. In addition, participants with limit thresholds for CO intoxication post-exposure of ≥7% and/or symptomatic subjects were identified and discussed.
Secondary outcome measures evaluated included, in addition to the age and sex of the tobacco-free narghilesmoking population, general characteristics such as length of time spent in the smoking environment, CO levels in the environmental air, the amount of active narghile consumption in that environment and the correlation between that level and the amount of actively consumed narghile in that environment.
Statistical analysis
Statistical analysis was performed using SPSS 15.0 (SPSS for Windows, Version 15.0. Chicago, SPSS Inc). The population was described using standard descriptive statistics. Compatibility with normal distribution of research data was evaluated using the One-sample Kolmogorov Smirnov test. The chi-square test was used to compare nominal parameters between the study and control groups and Student's t test in the comparison of numeric data. One-way ANOVA (with Bonferroni correction as post hoc comparisons) was used to compare the sub-groups. Pearson's correlation analysis was used to determine the relationship between parameters. Statistical significance was set at p<0.05.
Results
Characteristics of study subjects
Our research was conducted with 558 subjects between 1 January 2012 and 1 March 2012. Mean age of the 499 participants comprising the study group was 27.34±5.63 years, and that of the control group (n=59) 27.44±5.49. There was no statistically significant difference between the two groups. Of the study group, 323 (64.7%) were men and 176 (35.3%) women, compared to 38 men (64.4%) and 21 women (35.6%) in the control group. There was no significant difference between the groups in terms of gender (p>0.050).
Distribution of cigarette smoking among the study group active or passive narghile smokers is shown in Table 1 . Interestingly, approximately 39% of the 295 people who had never smoked cigarettes actively used the tobacco-free narghile.
Environmental characteristics
CO values in the environment were measured parts per million (ppm) at five separate time intervals; 0-1 hour (h), 1-2 h, 2-3 h, 3-4 h and 4-5 h. The number of narghiles in the environment was also determined. The data obtained, and changes in CO levels in the environment at the different time intervals, in the numbers of narghiles and in COHb and oxygen saturation (SpO 2 levels) in the study group are shown in Figure 1 Correlation analysis results between number of narghiles in the environment and environmental CO levels at different time intervals are shown in Table 2 . The table shows a strong and significant positive correlation between number of narghiles smoked and CO levels in the environment for all time intervals.
Mean time spent by participants in a narghile smoking environment was 4.1±0.8 h, range 3-5 h. All participants (n=499) spent at least 3 h in the environment and were exposed to narghile smoke, while the numbers decreased to 375 (75.2%) by the fourth hour and 173 (36.7%) by the fifth hour. The results of the correlation analysis between number of narghiles smoked in the environment and exposure are shown in Table 3 . We noted a significant negative correlation between number of narghiles smoked in the environment and environmental CO levels and length of exposure. Participants spent less time in an environment where many narghiles were smoked and where CO levels were higher.
Correlation results for number of narghiles smoked in the environment, environmental CO levels and participants' exposure to this CO with blood COHb and SpO 2 levels are given in Table 4 . Evaluation of the data in Table 4 suggested that number of narghiles smoked in the environment and environment CO levels were not correlated with COHb and SpO 2 levels after exposure. This apparently surprising result was in fact a negative correlation outcome between number of narghiles smoked in the environment and length of exposure to environmental CO as determined in Table  3 . New participants did not spend much time in the environment where large numbers of narghile were smoked, and left the area when environmental CO levels rose. Blood COHb levels therefore increased relatively little, meaning that no significant correlation between narghile number/environmental CO levels and blood COHb levels was observed.
Effects of active or passive tobacco-free narghile smoking
The research groups were divided into subgroups. Mean COHb and SpO 2 levels before and after exposure in these subgroups are shown in Table 5 . At comparison of pre-and post-exposure COHb levels among the study group performed in addition to the results and comparisons shown in Table 5 , Group I, II and III post-exposure COHb levels were significantly higher compared to their pre-exposure levels (p<0.001).
According to the mean values and comparison results shown in Table 5 , parameters in Group V, individuals who had never smoked cigarettes or narghile, were significantly better than those of all the other groups. This applied to a relative extent to parameters in Group VI, individuals who had never smoked the narghile but who smoked cigarettes. The highest COHb levels, both pre-and post-exposure, were determined in Group II, made up of active narghile and active cigarette smokers, and Group IV, consisting of passive narghile but active cigarette smokers. There was no significant difference in COHb and SpO 2 values between groups I and II, active narghile smokers but with different cigarette smoking statuses during the study. Similarly, there was no significant difference between groups III and IV, both passive narghile smokers but with different cigarette smoking statuses.
However, there was a statistically significant difference between Group I (active narghile) and Group III (passive narghile), both consisting of cigarette nonsmokers but with different narghile consumption statuses, Group I pre-and post-exposure COHb levels being high and SpO 2 values low.
The relation between active or passive tobacco-free narghile consumption and CO intoxication and symptoms
Of the 49 (9.8%) of the 499 subjects in the study manifesting symptoms after CO exposure, headache was present in 38 (7.6%) and nausea in 11 (2.2%). Mean post-exposure COHb levels of the patients with symptoms were 5.2±1.7 (mean COHb level of subjects with headache after exposure was 5.13±1.52, and 5.81±2.48 in those developing nausea). This was significantly higher than the mean value for those without symptoms, 2.9±1.7 (p<0.001).
Participant distribution pre-and post-exposure when degrees of exposure were grouped as 0-2, 2-5, 5-7 and >7 are shown in Table 6 . Pre-narghile exposure COHb levels were 5.1-7.0 in 1.8% of participants. Percentage of participants with COHb levels of 5.1-7.0 rose to 11.4% in post exposure. While no participant exceeded the threshold of COHb ≥7.0% CO intoxication before exposure, 7 individuals exceeded it post-exposure. Three of them had headache and one of them had nausea. We considered whether there might be other potential causes to account for the symptoms other than CO exposure or intoxication, but these symptoms were finally attributed to CO exposure. We advised these subjects to attend a health institution for advanced examination and treatment, although all of them rejected our advice.
Discussion
As in many other parts of the world, the use of tobacco and tobacco products in enclosed areas was banned by law in Turkey, where this study was performed, on 01. 19.2008 . Despite that law, however, the smoking of tobacco-free narghiles containing corn silk and other herbal products, instead of tobacco, in enclosed areas continues.
Two previous studies have investigated the smoke toxicants associated with using non-tobacco products in narghiles. Blank et al compared tobacco-based narghile use and tobacco-free narghile is among 35 individuals selected by the authors. Use of tobaccobased narghile was shown to have adverse effects on blood nicotine levels and the heart compared to tobacco-free narghile. 8 According to their results, tobacco-based narghile smoking significantly increased mean plasma nicotine concentrations (3.6±0.7 ng/ml) and heart rate (8.6±1.4 bpm) while tobacco-free narghile did not (0.1±0.0 ng/ml; 1.3±0.9 bpm). The effects on both CO in exhaled air and on blood COHb levels were also investigated. The use of both types of narghile was shown to have similar adverse effects, and to cause an increase in both CO in exhaled air and blood COHb levels. For COHb and expired air CO, significant increases were observed for tobacco-based narghile (3.8±0.4%; 27.9±2.6 ppm) and for tobaccofree narghile (3.9±0.4%; 27.7±3.3 ppm). Shihadeh et al 11 studied the puffing behaviour of participants who smoked a waterpipe under controlled conditions in a clinical laboratory, once using a tobacco-based product, and once using a flavour-matched tobaccofree product. A human-mimic waterpipe smoking machine was employed to replicate the puffing sequence of 31 human participants. Levels of CO, n i c o t i n e , n i t r i c ox i d e , p o l yc yc l i c a r o m a t i c hydrocarbons and volatile aldehydes in smoke were then analysed. They reported significantly higher nicotine levels in tobacco-based narghiles compared to tobacco-free narghiles, while the smoke from both types contained substantial quantities of toxicants. Values for CO levels in particular were very close to one another in the two types (155±49 mg for tobaccobased narghile and 159±42 mg for tobacco-free narghile). While both studies are enlightening concerning the potential harm from tobacco-free narghile use, since both involved limited patient numbers and were performed in a controlled clinical laboratory environment, they might not exactly reflect the situation in daily life. However, our study, conducted in a narghile café, in a genuine environment, and with a larger number of subjects, supported those preliminary study results. Based on our results, COHb levels in all groups containing active and passive tobacco-free narghile smokers were higher than those in healthy individuals. Additionally, 12.8% of those exposed to tobacco-free narghile smoke had critical values for CO intoxication. The results from these three studies suggest that, as with herbal cigarette smokers, although non-tobacco narghiles are tobacco and nicotine-free, they are far from risk-free. The narghile is frequently consumed in indoor areas, such as cafes, as in our study. High levels of indoor pollution result from hazardous materials emitted during narghile use, including volatile organic compounds, polycyclic aromatic hydrocarbons, metals, nitrogen oxide and CO. Repeated exposure occurs to the toxic substances emitted into the atmosphere by the user. These then re-enter the narghile and result in the user being exposed to higher levels of these substances. Exposure to toxic materials therefore represents a health risk to smokers and also non-smokers who passively inhale smoke present in the atmosphere. 12 Previous studies of tobacco-based narghile smokers and narghile smoke have reported the presence of concentrations of CO, nicotine, "tar," and heavy metals as high as or higher than those found in cigarette smokers. 13 Sajid et al investigated the CO fractions in tobacco-based narghile and cigarette smoke, and reported mean CO concentrations of 0.34% to 1.40% for narghile smoke, compared to 0.41% for cigarette smoke.
14 Narghile CO concentrations may also be high because of the charcoal used to burn the tobacco. 15 A 1 h session of narghile smoking results in exposure to high levels of toxic compounds including CO, heavy metals, and carcinogenic substances, as well as significant levels of nicotine. 16 One narghile smoking session lasting 30 min to 1 h was reportedly equivalent to smoking a packet of cigarettes at one sitting. 17 Zahran et al measured carboxyhaemoglobin concentrations in 1832 healthy Saudi Arabian male volunteers after these had smoked for 10 to 40 min. 18 Mean COHb concentrations were higher among tobacco-based narghile smokers (10.1%) than among cigarette smokers (6.5%) or non-smokers (1.6%). They also reported a linear relationship between smoking intensity and COHb concentration. 18 Our participants spent a mean 4.1±0.8 h in a narghile smoking environment. These exposures could be regarded as quite long in the light of the information provided above. According to our study data, the number of narghiles smoked simultaneously in narghile cafes, places where groups of friends socialise, rises rapidly, especially in the evenings, and CO values reach dangerous levels. These levels are sufficiently high to pose a risk to human health. Interestingly, the number of people remaining in the environment declines in reverse proportion to the rise of environmental CO levels. The main reason for this may be adverse symptoms such as headache and nausea caused by exposure to CO. This significant finding may be useful in terms of convincing proprietors to prevent narghile consumption on their premises and thus encourage customers to stay longer and spend more.
The data we obtained regarding our primary aim of examining CO exposure and intoxication are highly significant. COHb levels were highest among active cigarette smokers, and active or passive narghile smoking accompanying this also contributed, while the degree of that contribution did not change on the basis of narghile consumption being active or passive. In other words, the COHb levels of people who smoke cigarettes are the worst affected, regardless of whether they smoke the narghile actively or passively. In addition, COHb levels were higher among active narghile smokers, even though they had never smoked cigarettes, compared to passive consumers. In other words, active narghile consumption would have a manifestly worse effect on COHb levels than the passive consumption. Moreover, COHb levels for all active or passive narghile smoking subgroups were higher than those of the control groups. In the light of these data, tobacco-free narghile consumption under all circumstances, but especially when active, represents a danger of exposure to CO.
Symptoms increase when blood COHb levels approach 10%, but symptoms such as headache, nausea and fatigue are known to be seen at lower COHb levels. 19 Indeed, previous studies have reported serious intoxication with narghile use. In one such study, Turkmen et al described two cases presenting to the emergency department with syncope attack associated with narghile use and recommended that emergency physicians consider narghile-associated intoxication for differential diagnosis. 20 Arziman et al reported 5 cases of CO poisoning presenting to emergency department due to narghile smoking. Victims had various symptoms including headache, nausea and syncope. The 5 victims all had significant blood COHb level ranging from 11.4 to 21.3%. 21 One case report from Italy also described a patient presenting to the emergency department with syncope following narghile smoking and being given hyperbaric oxygen therapy when COHb levels reached 24%. It also emphasized that narghile smoking-related CO intoxication should be considered in confused patients, especially among young people. 22 Mean post-exposure COHb levels in our study were 5.2±1.7. Symptoms such as headache were seen at COHb levels of 3% or 4%, but no symptom was seen at value of 7% or 8%, close to the toxicity threshold. There may be several reasons for this, but in our opinion, adaptation is one of the most important factors involved. For example, if someone who smokes a narghile for the first time exhibits symptoms such as headache, vertigo and nausea, these symptoms will gradually decline with long-term use of such products. This study did not investigate the presence of symptoms at time of exit from the narghile café, and participants were asked to contact us if any developed. Despite the presence of symptoms such as headache and nausea in our cases, no intoxication appeared severe enough as to require attendance to the emergency department or hospitalisation. However, our finding confirmed the presence of a significant portion individuals with blood COHb levels approaching 10%, regarded as the CO intoxication threshold, signifying the harm effect on health simply by just being physically present in such a narghile smoking environment.
Our results showed that almost half the people constituting the study group were passive narghile smokers due to their presence in an area where narghiles were smoked, despite not actively smoking narghiles themselves. Interestingly, approximately 39% of people who had never smoked cigarettes in their lives were active narghile users. Subasi et al in a study of tobacco product narghile smokers also emphasized that 40% of narghile smokers did not smoke cigarettes. 23 These results indicate that the present global campaign against tobacco products should expand to include the use of tobacco-free narghile. The narghile, regarded as more innocent than cigarettes by people who have never smoked, and consumed in environments where friends meet together and socialise at length, represents a significant risk for those who do not want to smoke tobacco products. The narghile serves to introduce this group to cigarette smoke and a smoking environment. Its esthetic appearance and different aromas make the narghile very attractive, and it is regarded and consumed as an innocent diversion for individuals who have never smoked cigarettes.
Limitations
Our study was performed with a limited number of participants and with the aim of the effect of tobaccofree narghile smoking on blood COHb levels and whether this causes CO intoxication. Under our study plan, it was not possible to perform any analysis regarding the long-term effects of tobacco-free narghile use.
Non-invasive measurement from the fingertip was employed in the determination of blood COHb levels and the measurements in our study were performed with no corroboration using invasive techniques. Touger et al stated that RAD measurements could not replace standard measurements. 24 We did not measure the amount or identity of toxic materials in each session or puff. However, toxic materials to which subjects exposed, and the levels thereof, during narghile use were identified in other studies. 25, 26 We hypothesise that the toxic substance exposure in our study would be similar to that in previous research. Our study was performed in a single narghile café and with participants with specific physical characteristics. The narghile smoking area was spatially separate from the cigarette smoking environment, and the narghile cafe had a continuously working air conditioning system. However, no continuous quantitative measurement of the adequacy of the environmental air conditioning was performed. Our study investigated the presence of symptoms at time of leaving the narghile café, and participants were asked to contact us if any symptoms developed. It was possible that not all cases with symptoms were recorded.
Conclusions
The use of tobacco-free narghile products represents a potential danger to public; and COHb levels in active and passive smokers can reach intoxication levels.
